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INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) and nit&8 consist of many toxic |
compounds which could be carcinogenic or mutagemib as benzo(a) pyrene or!
1-nitro-pyrene. The lighter PAHs (predominantly &per phase) are the most {
abundant in the urban atmosphere and may reacothiér pollutants to form
more toxic derivatives. Motor vehicles are a sigaift contributor to ambient
PAH emissions. The stringent PM and Nflesel emission standards force
manufactures to modify diesel engines and/or rietledm with advanced
emission control devices such as particle trapssatettive catalytic reduction
(SCR) technology. These aftertreatment devices peoxeen effective in
reducing PM and NQand also changes the physicochemical propertidesél
exhaust. It is expected that PAH and nitro-PAH ifesfof diesel exhaust could
be altered by the aftertreatment devices as wellvé¥er, this effect has not yet
been fully investigated.

This project is a 4-year collaborative r cused on ging issued
relevant to air quality and the protection of hiefl}. These issues include: 1).!
ultralow emissions from advanced aftertreatmentitetogy, 2). effects on :
emissions of ultrafine and nucleation mode pamidig various aftertreatment
devices, 3). measurement instrumentation and pistoand 4). the relative |
toxicity of PM components as a function of volayili 1

1
In this study, four heavy-duty diesel vehicles (HDDof 1998 to 2007 vintage, |
operating with advanced PM and/or N€missions control retrofits were tested
on a heavy-duty chassis dynamometer located at #\R#avy-duty Diesel {
Emissions Test Laboratory (HDETL) in Los AngeleeTemissions control 1
retrofits included four diesel particulate filt¢f8PF), catalyzed and un-catalyzed,
and two prototype SCR systems. The combinationRif @nd SCR technologies
are of particular interest because they may reptetiee future approach for |
simultaneous control of PM and NO 1

Teflon coated glass fiber filter in series with XA@isorbent was used to collect !
PM and vapor-phase pollutants respectively forathalysis of semi-volatile :
PAHSs, volatile PAHs, and nitro-PAHs. One challefilganalyzing PAHs and )
especially nitro-PAHS is the low mass emissionhefe species and the |
laboratory analytical detection limits. Vapor ph&#Hs were analyzed using |
5-point calibration curves with the isotope dilutistandard method [2]. For nitro-1
and dinitro-PAH analysis, deuterated internal stesigl@-nitrodiphenyl-d9 and 1- |
nitropyrne-d9 were added to the filters, and ther§ were then extracted with !
dichloromethane using the Dionex ASE300 followedabgtone extraction. The
extracts were further precleaned by the splidise extraction technique and
semi-preparative normal-phase high performancédigoromatography (HPLC)
technique (Waters). The fraction correspondingtr@nand dinitro-PAH was
collected and analyzed by negative ion chemicataion (NICI) gas
chromatography — mass spectrometry (GC/MS) [3].
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Figure 1 — Tested Vehicles and Naming Convention

Veh#1 ~Class 8 tractor. Tested asa
baseline, with a JM CRT, SCR
(vanadium and zeolite). Baselir@PF1,
DPF1+SCR1DPF1+ SCR2

Veh#2 - CalTrans Truck
with Engelhard DPX
(Catalyzed DPF). DPF2

Veh#3 — School Bus with a Veh#4 —Diesel Hybrid Electric
Bus with JM CCRT®. Cruise and
Idle not tested. DPF4

* Prototype systems, not commercial units

Cleaire Horizon electrically
regenerated Trap. DPF3

Figure 2 — CARB HDETL
p N

Figure 3 — TEM Image of diesel particles from basetie
and retrofit collected on fibrous filters

Baseline, agglomerate

DPF1+SCR1, Clean as blank

* Filter Sample Micrographs Courtesy of D. Su, Fritz-Haber Institute

RESULTS

Figure 3shows the TEM image of the diesel particles fromBaseline and
DPF1+SCRL1 vehicles collected on fibrous filterstieles from the Baseline are
agglomerates. Those agglomerate are barely seba sample from DPF+SCR1.

Figure 4 shows the volatile and particle phase PAH emissiams the Baseline
diesel truck without emission controls. The vol#AHs account for 98% of the
total PAHSs (volatile + particulate phase), andliplet molecular weight (MW)
PAHSs, 2- and 3-ring, dominates the volatile PAHsaphthalene accounts for
80% of the volatile PAHs.

Figure 5shows the sum of the volatile and particulate PAidmfthe retrofits
during cruise cycle. The retrofits reduce bothipkrtand vapor phase PAHs by
more than 90%. The retrofits reduce particle plises by more than 95%,
independent of the driving cycle and catalytic logd, which implies that
reduction of particle PAHSs is by direct removalfie trap. The uncatalyzed DPF
was less efficient in reducing the volatile PAHs pamed to the catalyzed DPFs
(Figure 6).

Figure 7 shows selected nitro-PAHs from the test vehiclesuRe demonstrate
that SCRs did not promote formation of nitro-PAH&£R2 and DPF3 show
significant reduction of 1-nitropyren but slighthcrease of 3-nitrophenanthrene.

Figure 4 — Individual volatile and particle phase AHs
emissions from Baseline
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Figure 5 — Total (volatile + particle phase) PAHs ensisions from
Baseline and retrofits.
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Figure 6 — Selected volatile PAHs emissions.
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SUMMARY

Retrofits reduce total PAHs (particle and vapor ey more than
90%. The particle phase PAH reduction are indepenafethe
catalytic surface and driving conditions. Howewepor phase PAHs
are highly affected by catalytic loadings and exttaemperature [1].
With a few exceptions, most of the samples fromofitted engines
do not contain nitro-PAHs. The 1-nitro-pyrene ie thost dominant
nitro-PAH. The engine without retrofits show one@r of magnitude
higher emissions of 1-nitro-pyrene than engineh witcatalyzed
DPF and catalyzed DPF. The uncatalyzed DPF showhig
emission of 3-nitrophenanthrene than the baseline.two prototype
SCRs did not promote the nitration of PAHs. Siguifitreduction of
1-nitropyrene, a recognized carcinogen, suggesgstdienefit of
DPF for cancer risk reduction.
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